Gonadotropin-releasing hormone (GnRH) signaling regulates reproductive physiology in mammals. GnRH is released by a subset of hypothalamic neurons and binds to GnRH receptor (GnRHR) on gonadotropes in the anterior pituitary gland to control production and secretion of gonadotropins that in turn regulate the activity of the gonads. Central control of reproduction is well understood in adult animals, but GnRH signaling has also been implicated in the development of the reproductive axis. To investigate the role of GnRH signaling during development, we selectively ablated GnRHRexpressing cells in mice. This genetic strategy permitted us to identify an essential stage in male reproductive axis development, which depends on embryonic GnRH signaling. Our experiments revealed a striking dichotomy in the gonadotrope population of the fetal anterior pituitary gland. We show that luteinizing hormoneexpressing gonadotropes, but not follicle-stimulating hormoneexpressing gonadotropes, express the GnRHR at embryonic day 16.75. Furthermore, we demonstrate that an embryonic increase in luteinizing hormone secretion is needed to promote development of follicle-stimulating hormone-expressing gonadotropes, which might be mediated by paracrine interactions within the pituitary. Moreover, migration of GnRH neurons into the hypothalamus appeared normal with appropriate axonal connections to the median eminence, providing genetic evidence against autocrine regulation of GnRH neurons. Surprisingly, genetic ablation of GnRHR expressing cells significantly increased the number of GnRH neurons in the anterior hypothalamus, suggesting an unexpected role of GnRH signaling in establishing the size of the GnRH neuronal population. Our experiments define a functional role of embryonic GnRH signaling.
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gonadotropin-releasing hormone neurons | gonadotropin-releasing hormone receptor | gonadotrope development | diphtheria toxin | Cre recombinase R eproductive physiology in mammals is centrally regulated through the hypothalamic-pituitary-gonadal axis and depends on gonadotropin-releasing hormone (GnRH). GnRH signaling is well understood in adult animals, but has also been implicated in the development of the reproductive axis. The hormone is produced by a subset of neurons with a scattered distribution throughout the basal forebrain and released into the hypophyseal portal vasculature from axon terminals at the median eminence (1, 2) . GnRH binds to the GnRH receptor (GnRHR), which is specifically expressed on gonadotrope cells in the anterior pituitary gland (3) . GnRH signaling controls biosynthesis and release of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) that in turn regulate development and activity of the ovaries and testes (4) .
Studies in mice suggest that the hypothalamic-pituitarygonadal axis might already be functional during embryonic development. GnRH neurons have migrated from their place of origin in the nasal placodes to their final destination in the forebrain (5) and project neurosecretory axons to the median eminence at embryonic day 16 (E16) (6, 7) . At this stage, the fetal pituitary gland becomes GnRH responsive (8) . Furthermore, fetal testes can secrete steroid hormones in response to LH at E16 (8) (9) (10) (11) , raising the possibility that an initial increase in LH secretion may be triggered by GnRH at this developmental stage.
To investigate the role of GnRH signaling during development of the reproductive axis we generated genetically engineered mice and selectively ablated GnRHR expressing (GnRHR+) cells by the action of diphtheria toxin. This genetic strategy permitted the identification of an essential stage in gonadotrope development, which depends on coordinated interactions of the fetal hypothalamus and pituitary gland. Our experiments revealed a striking dichotomy in the gonadotrope population of the developing anterior pituitary. At E16.75, only LHβ-expressing gonadotropes, but not FSHβ-expressing gonadotropes, express the GnRHR. We show that an embryonic increase in LH secretion is needed to promote proper development of FSHβ-expressing gonadotropes, which might be mediated through paracrine interactions within the fetal pituitary gland. Surprisingly, genetic ablation of GnRHR+ cells also significantly increased the size of the GnRH neuronal population in the anterior hypothalamus of these mice, suggesting an unexpected role of GnRH signaling in establishing the size of the GnRH neuronal population. Our experiments show that embryonic GnRH signaling is necessary for maturation of the male reproductive axis.
Results
Experimental Strategy. To systemically ablate GnRHR+ cells in mice, we used a recently described knock-in strain in which Cre recombinase is coexpressed with the GnRHR gene (GRIC mice) (12) . GRIC mice were bred to the ROSA26-DT-A (R26-DTA) strain, which carries a targeted insertion of the diphtheria toxin fragment A (DTA) gene in the ubiquitously expressed ROSA26 locus (13, 14) . The diphtheria toxin A chain inhibits translation by catalyzing the ADP ribosylation of the eukaryotic elongation factor 2, resulting in cell death (15) . Transcription of the R26-DTA allele terminates prematurely in R26-DTA mice, as a result of a loxP flanked (floxed) strong transcriptional termination sequence (13) . Cre-mediated recombination removes the floxed termination sequence and thus triggers DTA expression, which leads to ablation of the Cre expressing cell (Fig. 1A) . GRIC/R26-DTA mice were born with Mendelian frequencies and viable. The body weight of adult male GRIC/R26-DTA mice (n = 7) was markedly decreased compared with R26-DTA littermates not bearing a Cre allele (control ; Table S1 ). Notably, the weight of the heart, kidneys, and liver was significantly reduced in both male (n = 7) and female (n = 10) GRIC/R26-DTA animals (Table S1 ). Extrapituitary GnRHR expression has been described (16), but we did not observe Cre-mediated recombination in these tissues (Fig. S1 ), suggesting that these effects are indirect.
GRIC/R26-DTA Mice Display Severe Hypogonadism. To analyze reproductive axis maturation in GRIC/R26-DTA mice, we first examined the gonads in adult animals. Size and weight of testis, ovary, and uterus were dramatically reduced compared with control littermates (Fig. 1B, Fig. S2 , and Table S1 ). Testis histology revealed drastically smaller seminiferous tubules and the absence of spermatids and spermatozoa in mutant males, indicating incomplete spermatogenesis in these mice (Fig. S2C) . Interestingly, Cre-mediated recombination was detected in germ cells of male GRIC/R26-YFP mice ( Fig. S1 and Fig. S3A ), indicating that GnRHR expression in the testis may lead to the observed hypogonadism. Consistent with this, male GRIC/R26-YFP mice transmit a recombined (i.e., constitutively active) R26-YFP allele through the germ line. Reduced testis size and weight were already manifest at postnatal day 16 (P16) in GRIC/R26-DTA animals ( Fig. S3) , suggesting a functional role of GnRH signaling in postnatal testis development before puberty.
The ovaries of female mutants contained a large number of small atretic follicles, and only few of these contained immature oocytes, whereas many more follicles with oocytes in different developmental stages were observed in control animals (Fig. S2C ). In addition, far fewer uterine glands were found in the endometrial layer of the uterus in GRIC/R26-DTA mice than in littermate controls (Fig. S2C) . Cre expression was detected in neither the ovaries nor the uterus (Fig. S1 ), indicating that the observed hypogonadism in females is not a result of GnRH signaling in these tissues. In summary, these data suggest a prepubertal gonadal stage in the adult mutant animals.
Increased Numbers of GnRH Neurons in the Anterior Hypothalamus of GRIC/R26-DTA Mice. We then studied the effects of GnRHR cell ablation in the brain and analyzed the size and distribution of the hypothalamic GnRH neuron population in male GRIC/R26-DTA mice. Previous studies had suggested that GnRH neurons themselves do express the GnRHR (17, 18), and we thus expected a significant decrease in GnRH neuron numbers in these animals. Strikingly, the total number of hypothalamic GnRH neurons was significantly increased in GRIC/R26-DTA mice (Fig. S4) . We found a mean number of 1,001 neurons in the hypothalamus of GRIC/R26-DTA animals compared with a mean of 739 neurons in littermate controls, which corresponds to an increase of 30% (Fig. S4A) . Furthermore, there was a significant difference in the total number of GnRH neurons in the anterior hypothalamus (535 vs. 714 neurons), but not the posterior hypothalamus (208 vs. 266 neurons). Next we asked whether GnRH neuron migration was also affected in these animals and studied the relative distribution of GnRH neurons along the rostral to caudal axis. There were no differences in the relative distribution of GnRH neurons in GRIC/R26-DTA and R26-DTA mice, suggesting that the migratory route of GnRH neurons does not depend on GnRHR+ cells (Fig. S4C) . In summary, these findings suggest an unexpected role of GnRH signaling in establishing the size of the GnRH neuronal population.
Incomplete Maturation of FSHβ Gonadotropes in GRIC/R26-DTA Mice.
Next we analyzed the gonadotrope population in the anterior pituitary of male GRIC/R26-DTA mice using antibodies against LHβ or FSHβ ( Fig. 2A) . Unexpectedly, however, we found a clearly reduced but significant number of FSHβ-producing (FSH+) cells in the anterior pituitary of GRIC/R26-DTA mice ( Fig. 2A) . The fluorescent signal intensity in the residual FSH+ cells was reduced by 50%, suggesting basal FSHβ expression levels in these cells ( Fig.  2A and Fig. S5 ). Because gonadotropes are heterogeneously distributed in the anterior pituitary (19), we determined the number of LH+ and FSH+ cells in acutely dissociated primary pituitary cultures to accurately quantify the efficiency of gonadotrope ablation in GRIC/R26-DTA mice ( Fig. 2B and Fig. S5A ). A total of 94.4% of LH+ gonadotropes were ablated in GRIC/R26-DTA mice compared with R26-DTA littermates, whereas FSH+ gonadotropes were reduced by only 68.3% (Fig. 2B ). These findings suggest that the remaining FSH+ cells in GRIC/R26-DTA mice do not turn on GnRHR expression and thus escape ablation (Fig. 2C) . Double immunofluorescence analysis showed that most (91.6%) of the FSH+/LH− cells in GRIC/R26-DTA mice coexpressed thyroid-stimulating hormone (TSH), but not any other major anterior pituitary hormone (Fig. S5C) 3A) . Some but not all of the FSH+/TSH+ cells expressed SF-1, a transcriptional marker for the gonadotrope lineage (3) (Fig. 3A and Fig. S5D ), suggesting that some of these cells will develop into FSH+ gonadotropes whereas others will become thyrotropes. At P0, some FSH+ cells have lost TSHβ expression in WT but not in mutant pups (Fig. 3A) , suggesting that further development of FSH+ gonadotropes is impaired in these animals. Consistent with this, no coexpression of FSHβ and TSHβ was observed in P7 WT pups (Fig. 3A) , whereas coexpression continued into adulthood in the mutant mice. Together, these data indicate improper maturation of the residual FSH+ cells in GRIC/R26-DTA animals.
Temporal Orchestration of GnRH Signaling in the Anterior Pituitary
During Embryonic Development. Our findings raise the possibility that LH+ and FSH+ gonadotropes may become responsive to GnRH at different time points during development and that the induction of GnRHR expression is compromised in FSH+ but not LH+ gonadotropes in GRIC/R26-DTA mice. We tested this hypothesis in male GRIC/R26-YFP mice, which show normal pituitary development (12) . In these mice, GnRHR and YFP expression are genetically coupled, providing a fluorescent readout for GnRHR promoter activity. At E16.75, virtually none of the FSH+ cells in the pituitary was YFP+ (Fig. 3B) . In contrast, however, all LH+ gonadotropes were YFP+ at this stage (Fig. 3B) , demonstrating that LH+ gonadotropes express the GnRHR before FSH+ gonadotropes during normal pituitary development. At E18.75 and P0, many but not all FSH+ were YFP+, whereas at P7, all FSH+ cells were YFP+ (Fig. 3B) , demonstrating sequential GnRHR expression in FSH+ gonadotropes during development. In contrast, only few FSH+ cells with low fluorescent signal intensity were detected in the pituitaries of mutant GRIC/R26-DTA mice before birth (Fig. 4A) , indicating compromised FSHβ expression in these animals. Together, these findings suggest temporal orchestration of GnRH signaling during anterior pituitary development.
LH Injection Rescues Compromised FSHβ Gonadotrope Development
in GRIC/R26-DTA Mice. Previous experiments had shown that the fetal mouse pituitary becomes GnRH-responsive around E16 and can release LH (8) . Furthermore, this embryonic LH secretion can trigger testosterone production from age-matched fetal mouse testis (9, 11) . These studies raise the possibility that an embryonic increase of LH secretion around E16 might be needed for proper development of FSH+ gonadotropes. To test this hypothesis, we restored embryonic LH secretion in the mutant animals by injecting purified LH into pregnant females carrying E16.75 GRIC/R26-DTA embryos and asked whether this would rescue compromised FSHβ expression in these animals. Strikingly, LH injections significantly increased both the quantity and fluorescence intensity of immunostained FSH+ cells in the anterior pituitary of GRIC/R26-DTA embryos (Fig. 4) . These experiments suggest that the initiation of FSHβ expression depends on LHβ signaling around E16. Consistent with this hypothesis, the residual FSH+ cells in the mutant embryos express the LH receptor (LHR; Fig. 4C ). Taken together, our data suggest that normal FSH+ gonadotrope development is compromised in GRIC/R26-DTA animals because all LH+ gonadotropes express the GnRHR (Fig. 3) and are thus ablated.
Discussion
The function of GnRH signaling in regulating the reproductive axis of adult mammals has been extensively studied, but its role in embryonic development is not understood. is needed for proper maturation of FSH+ gonadotropes. This may depend on paracrine interactions in the anterior pituitary. Furthermore, our studies indicate a role of embryonic GnRH signaling in establishing the size of the GnRH neuronal population in the forebrain. Our data show that FSH+ gonadotrope development is arrested in absence of embryonic GnRH signaling. Consistent with this, hypothalamic input is required for normal development of FSH+ gonadotropes in sheep (20) . The residual FSH+ cells in GRIC/R26-DTA mice fail to initiate GnRHR and to up-regulate FSHβ expression. FSHβ can be expressed independent of GnRH signaling, for example by activin-dependent pathways (21, 22) , thus explaining basal FSHβ expression in these GnRHR− cells. Their developmental arrest is a result of the lack of embryonic GnRH signaling at E16.75. Injection of purified LH is sufficient to induce FSHβ expression in GRIC/R26-DTA embryos, ruling out that other GnRH signaling deficits-for example, in the gonadsare responsible for compromised FSH+ gonadotrope development in these animals. Consistent with this, YFP+ cells were detected in the testis of GRIC/R26-YFP mice at P16, but not at P10 (Fig. S3A) , suggesting that the GnRHR is not expressed in the testis during embryonic development.
These studies indicate that a precisely orchestrated series of events leads to maturation of the gonadotrope population in the anterior pituitary (Fig. 5) . First, GnRH neurons reach their final destinations in the basal forebrain and project their axons to the median eminence to secrete GnRH at E16 (6, 7). Next, LH+ gonadotropes in the anterior pituitary initiate GnRHR expression and likely become GnRH-responsive. Consistent with this, E16 but not E14 pituitaries respond to GnRH with an increase in LH secretion (8) . GnRHR expression analysis revealed a profound dichotomy in the gonadotrope population of the developing anterior pituitary suggesting that LH, but not FSH secretion is triggered by GnRH at E16.75. Most residual FSH+ cells in adult GRIC/R26-DTA animals express LHR (Fig. S5D) , raising the possibility that the LH effect on FSHβ expression may be direct. Alternatively, LH may induce FSHβ expression through gonadal testosterone feedback (Fig. S6B) (8) (9) (10) (11) . New FSH+ cells are continuously born postnatally and accumulate over time in the mutant mice (Fig. S7) . Frequencies of the other hormone producing cell types in the anterior pituitary of GRIC/R26-DTA mice were unaltered (Fig. S8) , suggesting a stereotyped cellular composition independent of GnRHR+ cell gonadotrope ablation. No ablation efficiency differences between FSH+ and LH+ gonadotropes were reported in transgenic mice using a α-GSU promoter fragment to express DTA (23) (24) (25) . This might reflect earlier ablation, as α-GSU, which is a common α-glycoprotein subunit shared by LH, FSH, and TSH (26), is the first pituitary hormone transcript expressed during development at E10.5 (27) .
When does GnRHR expression start in the anterior pituitary? The first YFP+ cells are detected at E12.75 in the pituitary of GRIC/R26-YFP mice (Fig. S6) . Consistent with this, GnRH binding sites were found in the fetal rat pituitary before the beginning of LH synthesis (28) . Some but not all of the YFP+ cells express αGSU (Fig. S6) . GnRHR+/αGSU− cells are continuously found throughout embryonic development, demonstrating that αGSU expression does not necessarily precede GnRHR expression in gonadotropes during development (Fig. S6) .
These studies further indicate that GnRHR+ cells are a prerequisite for neither the proper developmental migration of GnRH neurons into the brain nor the projection of GnRH neurosecretory axons, but do affect the size of the GnRH neuronal population. The significantly increased size of the GnRH neuronal population in the anterior hypothalamus of the GRIC/R26-DTA mice is a major surprise in comparison with other hypogonadic mouse strains, which had a reduced or unaltered size of the GnRH neuronal population (29) (30) (31) (32) . To rule out unspecific toxic side effects resulting from leaky DTA expression from the ubiquitously active targeted R26 allele, the size and distribution of hypothalamic GnRH neurons was also analyzed in GRIC/R26-YFP mice, but no significant difference was detected compared with R26-DTA mice (Fig. S4B) . Our data suggest that establishing the proper number of GnRH neurons during development is dependent on GnRHR+ cells. Neither mutations in the GnRH nor GnRHR genes altered the size of the GnRH neuronal population (33) , suggesting that the potential role of GnRHR+ cells in determining the number of GnRH neurons may not depend on GnRH signaling. It is not clear whether more GnRH neurons are generated or less neurons die during development of the reproductive axis in the GRIC/R26-DTA mice. Inducible ablation of GnRHR+ cells in GRIC/R26-iDTR mice carrying a Cre- 
E16 -E17
E17 -P7 activated diphtheria toxin receptor gene (34) will enable us to determine the time window in which the size of the GnRH neuronal population is established. Potential autocrine roles of GnRH in both development and mature function of GnRH neurons have been proposed (35, 36) , suggesting that the GnRHR is expressed in GnRH neurons (17, 18) . GnRH neurons in GRIC/R26-DTA mice obviously do not express the GnRHR. It is unlikely that this is specific to these mice, as YFP+ GnRHR neurons are readily detectable in the anterior hypothalamus of GRIC/R26-YFP mice (Fig. S1 ) but do not produce GnRH. The distribution and functional characterization of YFP+ GnRHR neurons in GRIC/R26-YFP mice will be described elsewhere.
Materials and Methods
Mice. Animal care and experimental procedures were performed in accordance with the guidelines established by the animal welfare committee of the University of Hamburg. Mice were kept under a standard light/dark cycle with food and water ad libitum. ROSA26-DTA mice (13) were provided by D. Riethmacher (Southampton University School of Medicine, Southampton, UK). Both GRIC (12) and ROSA26-DTA mice were kept in a mixed (129/SvJ and C57BL/6J) background. To generate GRIC/R26-DTA animals, heterozygous GRIC mice were crossed with animals homozygous for the ROSA26-DTA allele and produced litters with frequency and size indistinguishable from those of WT animals breeding in our colony. GRIC/R26-DTA mice were found with a frequency of 50% in the resulting F1 generation. The remaining 50% of the F1 animals carried the R26-DTA but not the GRIC allele and served as littermate control.
Immunofluorescence. Immunofluorescence was essentially performed as described in (12) . Briefly, after transcardial perfusion pituitary, brain and gonads were removed and soaked in HistoFix (Roth) for 2 h, in 30% sucrose for 48 h, and then frozen in tissue freezing medium OCT (Leica) and cut into 14-μm sections with a cryostat. Sections were blocked in 0.1 M PBS containing 5% normal donkey serum, 0.2% Triton X-100, and 0.02% sodium azide for 1 h at room temperature and then treated with primary antibody at 4°C overnight in 0.1 M PBS solution containing 0.5% λ-carrageenan (Sigma) and 0.02% sodium azide. Primary antibodies used were rabbit or guinea pig anti-LH (1:5,000), rabbit or guinea pig anti-FSH (1:5,000), guinea pig anti-TSH (1:50,000), guinea pig anti-prolactin (1:12,000), guinea pig antigrowth hormone (GH: 1:10,000), rabbit or guinea pig anti-αGSU (1:1,500), and mouse anti-ACTH [1:10,000; National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)], rabbit anti-GnRH (1:800; Affinity Bioreagents), rat anti-SF1 (1:500; provided by T. Tachibana, Osaka City University, Osaka, Japan), rabbit anti-LH receptor (1:150; Sigma), followed by Cy3-donkey antibodies against rabbit, guinea pig, mouse, or rat IgG (Jackson Labs) or Alexa Fluor 488-donkey anti-rabbit IgG (all at 1:500; Invitrogen) for 1 h at room temperature. For nuclear staining, sections were incubated with 5 μg/mL Hoechst 33258 dye (Sigma) in 0.1 M PBS solution for 10 min and mounted with Fluoromout-G (Southern Biotech). Appropriate controls omitting primary antibodies were performed and did not yield any staining.
For gonad histology, 14-μm sections of testis, ovaries, and uterus were stained with H&E, dehydrated, and mounted with DPX mounting medium (Sigma).
Preparation of Embryo Tissue. Pregnant GRIC/R26-YFP mice (12) were anesthetized and killed by decapitation at E16.75. Embryos were removed, soaked in HistoFix for 6 h on ice, and then transferred to 30% sucrose for 24 h. Male embryos were frozen in OCT and cut into 14-μm sagittal sections with a cryostat. For sex determination, embryo tail biopsy specimens were digested in lysis buffer (50 mM Tris-HCl, pH 8, 100 mM NaCl, 0.2% Nonidet P-40, 0.2% Tween, 1 mM EDTA, 0.1 mg/mL proteinase K) at 55°C and genotyped by PCR (37).
LH Injections. Ovine LH (1 μg; NIDDK) was dissolved in 100 μL 0.9% NaCl solution and injected s.c. into a pregnant female carrying E16.75 embryos. The injection was repeated 2 h and 4 h after the first injection and 2 h before the preparation of E17.75 embryos. Embryos were sex-genotyped and sections from male pituitaries were analyzed with antibodies against FSH.
BrdU Injections. Male P7 pups were injected intraperitoneally with BrdU (100 mg/kg: Sigma). This injection was repeated daily for another 6 d before these pups were perfused with HistoFix (Roth) at P13 and pituitary sections were analyzed with sheep anti-BrdU (1: 100; Abcam) and guinea pig anti-FSHβ (1:1,000; NIDDK) antibodies.
Quantification of GnRH Neurons. Coronal brain sections corresponding to figure  19 -50 in ref. 38 (Paxinos mouse brain atlas; bregma 1.42 mm to −2.30 mm) were analyzed. Numbers of GnRH neurons in each section were counted and summed to calculate the total number in the hypothalamus. The differences in number of GnRH neurons were analyzed by two-tailed Student t test. Differences were taken as significant when P < 0.05.
Primary Cell Culture. GRIC/R26-DTA and R26-DTA (control) mice were anesthetized and killed by decapitation. Pituitaries were quickly removed and transferred into dispersion medium (Hanks F10 medium supplemented with 10 mM D-glucose, 10 mM Hepes, and 0.5 mg/mL BSA). Pituitaries were cut into small pieces and digested with collagenase type CLS II (678 U/mL in dispersion medium; Biochrom) for 30 min at 37°C. Cells were gently triturated with glass pipettes, centrifuged for 15 min at 4°C, and resuspended in growth medium containing low-glucose DMEM (Life Technologies) with 10% FBS (Biochrom), 1.78 mM L-glutamine (Life Technologies), penicillin (100 U/mL), and streptomycin (1 mg/mL). The cell suspension was then plated on eight chamber slides (Nunc) precoated with poly-L-ornithine (Sigma), and kept overnight at 37°C in a humidified incubator with 5% CO 2 .
Quantification of Hormone-Producing Cells. Cells were fixed on the slides with 4% PFA containing 4% sucrose for 10 min at room temperature and blocked in 0.1 M PBS solution containing 1% BSA and 0.25% TX-100 (blocking buffer). Individual chambers were then treated with antibodies against LH, FSH, prolactin, GH, TSH, or adrenocorticotropin (ACTH; each at 1:5,000, except LH at 1:2,500; NIDDK) overnight at 4°C in blocking buffer, followed by Cy3 donkey antibodies against rabbit, guinea pig, or mouse IgG (1:500; Jackson Labs) for 1 h at room temperature. After removal of the medium chambers, slides were treated with nuclear stain and mounted as described earlier.
Appropriate controls omitting primary antibodies were performed and did not yield any staining.
To determine the relative abundance of hormone-producing cells, four pictures representing nonoverlapping areas (each 1,900 × 2,600 μm) were taken for each staining chamber and individual cells identified by the antibody staining were counted and normalized to the number of nuclei observed in these areas analyzed using ImageJ software. To compare the FSH staining intensities in mutant and control mice, six cells from each of the four pictures representing the FSH staining chamber (24 cells per mouse) were randomly chosen and analyzed for signal intensity using ImageJ software. Differences in mean values representing 72 cells (three male mice) for each genotype were analyzed with a two-tailed Student t test.
